OFFI CES

REGI ONAL
San Francisco
Sacranent o
Anahei m

Los Angel es

DI STRI CT
Anahei m
Concord
Fresno

Los Angel es
Oakl and

Pico Rivera
Reddi ng
Sacranent o
San Bernardino
San Diego
San Francisco
San Jose

San Mateo
Santa Rosa
Torrance

Van Nuys
Ventura

st Covi na

FlI ELD
Bakersfield
Chico

Eur eka
Mbdest o

AREA

Anahei m

Fresno

Sacranent o

San Diego

Santa Fe Springs/ Downey
San Fernando Valley

San Mateo

DI VISION OF OCCUPATI ONAL

FI ELD COWPLI ANCE OFFI CES

ADDRESS

1390 Market St., Ste. 822, San Francisco 94102
2424 Arden Wy, Ste. 125, Sacranmento 95825
2100 East Katella Avenue, Ste. 125, Anaheim 92806
3550 Vst 6th St., Rm 413, Los Angeles 90020

2100 East Katella Avenue, Ste. 140, Anaheim 92806
1465 Enea Circle, Bidg. E Ste. 900, Concord 94520
2550 Mariposa St., Rm 4000, Fresno 93721

3550 West Sixth St., Rm 431, Los Angeles 90020
7700 Edgewater Drive, Ste. 125, Cakland 94621
9455 East Slauson Avenue, Pica Rivera 90660

381 Hensted Drive, Redding 96002

2424 Arden Wy, Ste. 165, Sacranento 95825

242 East Airport Dr., Ste. 103, San Bernardino 92408
7807 Convoy Court, Ste. 140, San Diego 92111
1390 Market Street, Ste. 718, San Francisco 94102
2010 No. First St., Sk. 401, San Jose 95131

1900 So. Norfolk St., Ste. 215, San Mateo 94403
1221 Farmers Lane, Ste. 300, Santa Rosa 95405
680 Knox St., Ste. 100, Torrance 90502

6150 Van Nuys Blvd., Ste. 405, Van Nuys 91401
1655 Mesa Verde, Rm 150, Ventura 93003

417 No. Azusa Avenue, Vst Covina 91791

4800 Stockdale Highway, Ste. 212, Bakersfield 93309
555 Rio Lindo, Suite A, Chico 95926

619 Second St., Rm 109, Eureka 95501

1209 Wodrow, Ste. C-4, Mbdesto 95350

SAFETY AND HEALTH

MANAGER

John Tenni son
Bill Krycia
Tom Hanl ey
Robert Garcia

James Brown
Ceorge Muikai
Larry Baca

Joan Lee

Robert WIliams
Mariano Kraner
Gary Robeson
Duane N esen
Chuck Cox
Vicky Heza
Jerry Lombardo
Ral ph Allen

M chael Horowitz
P. Stan Bethel
Bart MChee
G nger
Bill Siener
David Sullivan

Larry Baca

Gary Robeson
Gary Robeson
Ceorge Muikal

CAL/ OSHA CONSULTATION SERVICE AREA OFFICES

2100 East Katella Avenue, Ste. 200, Anaheim 92806
1901 No. Gateway Blvd., Ste. 102, Fresno 93727
2424 Arden Wy, Suite 410, Sacrmmento 95825
7807 Convoy Court, Ste. 406, San Diego 92111

10350 Heritage Park Dr. Ste. 201, Santa Fe Springs 90670

3550 Vst 6th Street, Rm 309, Lor Angeles 90020
3 Waters Park Drive, Rm 230, San Mateo 94403

Phil Valenti

Henry

Eugene @ endenning

Richard DaRosa
Wlliam Coert
Kel ly Howard
Herman Jett
Jay Sekhon

Cct ober

TELEPHONE

(415) 557-8640
(916) 263-2803
(714) 939-8611
(213) 736-4911

(714) 939-0145
(510) 6026517
(200) 4455302
(213) 736-3041
(510) 568- 8602
(310) 949-7827
(916) 224-4743
(916) 268- 2800
(909) 383-4321
(619) 637-5534
(415) 557-1677
(408) 452-7288
(415) 573-3812
(707) 576-2388
(310) 516-3734
(818) 901-5403
(805) 654-4581
(818) 966- 1166

(805) 395-2718
(916) 895-4761
(707) 445-6611
(209) 5766260

(714) 935-2750
(209) 454- 1295
(916) 263-2855
(619) 279-3771
(310) 944-9366
(213) 736-2187
(415) 573-3864

1, 1995



APPENDI X A

CALI FORNI A OCCUPATI ONAL SAFETY
AND HEALTH STANDARDS

FOR EXCAVATI ONS

Article 2. Definitions

1504. Definitions

Conpetent Person: One who is capable of identifying existing and predictable
hazards in the surroundi ngs or working conditions which are unsanitary,
hazar dous, or dangerous to enpl oyees, and who has authorization to take pronpt
corrective measures to elimnate them

Excavation, Trenches, Earthwork.

A) Bank. A mass of soil rising above a digging |evel.

B) Exploration Shaft. A shaft created and used for the purpose of
obt ai ni ng subsurface data.

(C) Ceotechnical Specialist (GIS). A person registered by the
state as a Certified Engineering Geologist, or a Registered Cvil
Engi neer trained in soil nechanics, or an engineering geol ogi st or
civil engineer with a mninum of three years applicable experience
wor ki ng under the direct supervision of either a Certified
Engi neering Geol ogi st or Registered Cvil Engineer.

(D) Hard Conpact (as it applies to Section 1542). Al earth
materials not classified as running soil.

(E) Laggi ng. Boards which are joined, side-by-side, |ining an
excavation. _ _ _

(F) Running Soil (as it applies to Section 1542). Earth material
where the angle of repose is approximately zero, as in the case of
soil in a nearly liquid state, or dry, unpacked sand which flows
freely under sli gnht pressure. Running material also includes |ose
or disturbed earth that can only be contained with solid sheeting.

(G Shaft. An excavation under the earth's surface in which the depth

is much greater than its cross-sectional dinensions, such as those

formed to serve as wells, cesspools, certain foundation footings, and
under streets, railroads, buildings, etc.

Article 6. Excavations

1539. Permts.

For regul ations relati nP to Permts for excavations and trenches, refer to the
California Code of Regulations Title 8, Chapter 3.2, Article 2, Section 341 of
the California Cccupational Safety and health Regul ations (Cal/OSHA).
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1540. Excavati ons.

(a) Scope and application

This article applies to all open excavations nmade in the earth's surface.
Excavations are defined to include trenches.

(b) Definitions applicable to this article.

Accept ed en%l neering practices neans those requirements which are
conpatible with standards of practice required by a registered
~ professional engineer. _

Alum num hydraulic shoring. A pre-engineered shoring system
conprised of alum num hydraulic cylinders (crossbraces) used in
conjunction with vertical rails (uprights) or horizontal rails

(wal ers). Such systemis designed specifically to support the
sidewal | s of an excavation and prevent cave-ids.

Bel | -bottom pier hole. A type of shaft or footing excavation, the
bottom of which is made larger than the cross section above to form
a bel | ed shape.

Benchi ng (Benching systen). A nethod of protecting enpl oyees from
cave-1ns b%/ excavating the sides of an excavation to formone or a
series of horizontal levels or steps wusually with vertical or near-
vertical surfaces between |evels.

Cave-in. The separation of a mass of soil or rock material fromthe side
of an excavation, or the loss of soil fromunder a trench shield or
support system and its sudden novenent into the excavation, either
by falling or sliding, in sufficient quantity so that it could entrap,
bury, or otherwise injure and immobilize a person.

Crossbraces. The horizontal nenbers of a shoring systeminstalled
perpendicular to the sides of the excavation, the ends of which bear
agai nst either uprights or wales.

Excavation. Any man-made cut, cavity, trench, or depression in an earth
surface, formed by earth renoval .

Faces or sides. The vertical or inclined earth surfaces fornmed as a

] result of excavation work.

Fai l ure. The breakage, displacenent, or permanent deformation of a
structural menber or connection so as to reduce its structural
integrity and its supportive capabilities,

Hazar dous at nosphere. An atnosphere which by reason of being
expl osive, flammble, poisonous, corrosive, oxidizing, irritating,
.ox?/gen deficient, toxic, or otherw se harnful, my cause death,

. illness, or injury. _

Ki ckout. The accidental release or failure of a cross brace.

Protective system A nethod of protecting enpl oyees from cave-ins,
frommterial that could fall or roll froman excavation face or into
an excavation, or from the collapse of adjacent structures.
Protective systenms include suEport systens, sloping and benching
systems, shield systens, and other systens that provide the necessary
protection.

Ranp. An inclined walking or working surface that is used to gain access

to one point fromanother, and is constructed fromearth or from
structural materials such as steel or wood.
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Regi stered professional engineer. A person who is registered as a
professional engineer in the state where the work is to be perforned
However, a professional engineer, registered in any state is deemed
to be a "registered professional engineer" within theneaning of this

standard when approving designs for "manufactured protective systems"
or "tabulated data" to be used in interstate conmerce

Sheeting. The menbers of a shoring systemthat retain the earth in
position and in turn are supported by other nenbers of the shoring
system

Shield (Shield system. A structure that is able to withstand the
forces inposed on it by a cave-in and thereby protect enployees
within the structure. Shields can be permanent structures or can
be designed to be portable and nove along as work progresses,
Additional ly, shields can be either premanufactured or job-built in
accordance with Section 1541.1(c)(3) or (c)(4). Shields used in
tﬁeqipes are usually referred to as "trench boxes" or "trench
shields."

Shoring (Shoring system). A structure such as netal hydraulic,
mechani cal or timnber shoring systemthat supports the sides of an
excavation and which is designed to prevent cave-ins.

Sides. See "Faces."

Sl oping (Sloping systen). A nethod of protecting enployees from
cave-ins by excavating to form sides of an excavation that are-
inclined away from the excavation so as to prevent cave-ins. The
angle of incline required to prevent a cave-in varies wth
differences in such factors as the soil type, environnental
conditions of exposure, and application of surcharge |oads

Stable rock. Natural solid mineral material that can be excavated
with vertical sides and will remain intact while exposed. Unstable
rock is considered to be stable when the rock material on the side
or sides of the excavation is secured against caving-in or novement
by rock bolts or by another protective systemthat has been designed
by a registered professional engineer.

Structural ranp. A ranmp built of steel or wood, usually used for
vehi cl e access. Ranps made of soil or rock are not considered
structural ranps.

Support system A structure such as underpinning, bracing, or shoring
whi ch provides support to an adjacent stucture, underground
installation, or the sides of an excavation.

Tabul ated data. Tables and charts approved by a registered
prof essional engineer and used to design and construct a protective
system

Trench (Trench excavation). A narrow excavation (in relation to its
| ength) made below the surface of the ground. In general, the depth
is greater than the width, but the width of a trench (nmeasured at the
bottom) is not greater than 15 feet. If forns or other structures are
installed or constructed in an excavation so as to reduce the
di mensi on neasured fromthe forns or structure to the side of the
excavation to 15 feet or less, (neasured at the bottomof the
excavation), the excavation is also considered to bhe a trench.

Trench box. See "Shield."

Trench shield. See "Shield."

Uprights. The vertical menbers of a trench shoring system placed in
contact with the earth and usually positioned so that individual
menbers do not contact each other. Uprights placed so that
i ndi vidual nmenbers are closely spaced, I1n contact with or
interconnected to each other, are often called "sheeting."

Wal es. Horizontal nenbers of a shoring system placed parallel to the
excavation face whose sides bear against the vertical nenbers of the
shoring system or earth.
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1541. General Réquirements.

(a) Surface Encunbrances.

Al surface encunbrances that are located so as to create a hazard to
enpl oyees shall be supported, as necessary , to safeguard enployees .

(b) Underground installations.

(1) The estimated location of utility installations, such as sewer,
tel ephone, fuel, electric, water, lines, or any other underground
installations that reasonably may be expected to be encountered during
excavation work, shall be determned prior to opening an excavation

(2) Al Regional Notification Centers as defined by Governnment Code
Section 4216$a).|n the area involved and all known owners of
underground ftacilities who are not menbers of a Notification Center
shal| be advised of the proposed work at |east 2 working days prior
to the start of any digging or excavation work. S

EXCEPTI ON:  Emergency repair work to underground facilities.

(3) When excavation operations approach the estimated |ocation of
underground installations, the exact |ocation of the installations
shal| be determned by safe and acceptable neans.

(4) While the excavation is open, underground installations shall be
protected, supported or renoved as necessary to safeguard enployees.

(c) Access and egress.

(1) Structural ranps.

(A) Structural ranps that are used solely by enployees as a neans of
access from excavations shall be designed by a conpetent person.
Structural ranps used for access or egress of equipnent shall be
de5|?nedby a conpetent person qualified in structural design, and
shal I be constructed in accordance with the design

(B) Ranps and runways constructed of two or nore structural nenbers
shall have the structural menbers connected together to prevent
di spl acenent . .

(© Structural nembers used for ranps and runways shall be of uniform
t hi ckness.

(D) Ceats or other appropriate neans used to connect runway
structural nmenbers shall be attached to the bottom of the runway
or shall be attached in a manner to prevent tripping. .

(E) Structural ranps used in lieu of steps shall be provided with
c‘eats or other surface treatnents to the top surface to prevent
sl 1 ppi ng. .

( 2) Mans of egress from trench excavations.

A stairway, |adder, ranp or other safe neans of egress shall be

located in trench excavations that are 4 feet or more in depth so as

to require no more than 25 feet of lateral travel for enployees.

(d) Exposure to vehicular traffic.

Enpl oyees exposed to public vehicular traffic shall be provided with, and
shal | wear, warning vests or other suitable garnents marked with or nade
of reflectorized or high-visibility naterial.
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Exposure to falling |oads.

No enpl oyee shall be pernmitted underneath |oads handled by lifting or
di%ging equi pnent. Enpl oyees shall be required to stand away from any
vehicl e being | oaded or unloaded to avoid being struck by any spillagé or
falling materials. Operators may remain in the cabs of vehicles being

| oaded or unl oaded when the vehicles are equi pped, in accordance with
Section 1591(e?, to provide adequate protection for the operator during
| oadi ng and unl oadi ng operati ons.

Warning system for nobile equipnent.

VWhen rmobile equipment is operated adjacent to an excavation, or when such
equi pment is required to approach the edge of an excavation, and the
operator does not have a clear and direct view of the edge of the
excavation, a warning systemshall be utilized such as barricades, hand
or mechanical signals or stop logs. If possible the grade should be away
from the excavation.

Hazar dous at nospheres.

(1) Testing.and control s. _ . _

In addition to the requirenents set forth in the Construction Safety

Orders and the Ceneral Industry Safety Orders to Frevent exposure to

harnful |evels of atnospheric contamnants, the following requirements

shal | apply: o o

(A  Were oxygen deficiency (atnmospheres containing |ess than 19.5
per cent oxy%Fn) or a hazardous atnosphere exists or could
reasonabl y be expected to exist, such as in excavations in
landfill areas or excavations in areas where hazardous
substances are stored nearby, the atnospheres in the excavation
shall be tested before enployees enter excavations greater than
4 feet in depth.

(B) Adequate precautions shall be taken to prevent enployee exposure
to atnospheres containing less than 19.5 percent oxygen and other
hazar dous atnospheres. These precautions include providing
proper respiratory protection or ventilation. . .

(0) Adequate protection shall be taken such as providing ventilation
to prevent enpl oyees exposure to an atnosphere containing a
concentration of a flanmable gas in excess of 20 percent of the
| ower flammable limt of the gas.

(D) \hen controls are used that are intended to reduce the |evel of
at nospheric contanmnants to acceptable levels, testing shall be
conducted as often as necessary to ensure that the atnosphere
remains safe.

(2) Emergency rescue equipment

(A) Emergency rescue equi pment, such as breathing apﬁaratus, a safety
harness and line, or a basket stretcher, shall be readily
avai | abl e where hazardous atnospheric conditions exist or my
reasonably be expected to develop during work in an excavation.
This equipment shall be attended when in use. o

(B) Enpl oyees entering bell-bottom pier holes, or other sinmilar deep
and confined footing excavations, shall wear a harness with a
lifeline securely attached to it. The lifeline shall be separate
fromany line used to handle material, and shall be individually
attended at all times while the enployee wearing the lifeline is
in the excavation.
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(h) Protection from hazards associated with water accunul ation.

(1) Enployees shall not work in excavations in which there is accunul ated
water, or in excavations in which water is accunulating, unless
adequat e precautions have been taken to protect enployeea against the
hazards posed by water accunulation. The precautions necessary to
protect enployees adequately vary with each situation, but could
i nclude special support or shield s¥stens to protect from cave-ins
water renoval to control the level of accumulating water, or use of a
safety harness and |ifeline. _

(2) If water is controlled or prevented from accunulating by the use of
wat er renpval equipment, the water renpval equipment and operations
shall be nonitored by a conpetent person to ensure proper operation

(3) If excavation work interrupts the natural drainage of surface water
(such as streams), diversion ditches, dikes, or other suitable neans
shall be used to prevent surface water fromentering the excavation and
to provide adequate drainage of the area adjacent to the excavation
Excavations subject of runoff from heavy rains will require an
i nspection by a conpetent person and conpliance with Sections
1541(h) (1) and (h)(2)

(i) Stability of adjacent structures.

(1) Were the stability of adjoining buildings, walls, or other structures
i s endangered by excavation operations, support system such as
shoring, bracing, or underpinning shall be provided to ensure the
stabilrty of such structures for the protection of enployees.

(2) Excavation below the level of the base or footing of any foundation or
retaining wall that could be reasonably expected to pose a hazard to
enpl oyees shall not be permtted except when:

(A) A support system such as underpinning, is provided to ensure the
safety of enployees and the stability of the structure; or
B) The excavation is in stable rock; or . .
C) A registered professional engineer has approved the determnation
. that such excavation work will not pose as hazard to enpl oyees

(3) Sidewal ks, pavenments and appurtenant structures shall not be underm ned

unl ess a support system or another method of protection is provided to

protect enployees fromthe possible collapse of such structures.

(J) Protection of enployees fromloose rock or soil.

(1) Adequate protection shall be provided to protect enployees from | oose
rock or soil that could pose a hazard by falling or rolling from an
excavation face. Such protection shall consist of scaling to renove
loose material; installation of protective barricades at intervals as’
necessary on the face to stop and contain falling nmaterial; or other
means that provide equival ent protection. _

(2) Enployees shall be protected from excavated or other materials or
equi pnent that could pose a hazard by falling or rolling into
excavations. Protection shall be provided by placing and keeping such
material s or equipnent at least 2 feet fromthe edge of excavations,
or by the use of retaining devices that are sufficient to prevent
materials or equipment from falling or rolling into excavations, or by
a conbination of both if necessary.
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(k) Inspections.

(1)

(1) Fall

(1)

(2)

Daily inspections of excavations, the adjacent areas, and protective
systems shall be made by a conpetent person for evidence of a situation
that could result in possible cave-ins, indications of failure of
protective systens, hazardous atnospheres, or other hazardous
conditions. An inspection shall be conducted by the conpetent person
prior to the start of work and as needed throughout the shift.

I nspections shall also be nade after every rain storm or other hazard
i ncreasing occurrence. These inspections are only required when

enpl oyee exposure can be reasonable anticipated.

Where the conpetent, person finds evidence of a situation that could
result in a possible cave-in, indications of failure of protective
systens, hazardous atnospheres, or other hazardous conditions, exposed
enpl oyees shall be removed from the hazardous area until the nececesary
precautions have been taken to ensure their safety.

protection.

Wiere enpl oyees or equipnment are required or pernitted to cross over
excaygthons, wal kways or bridges with standard guardrails shall be
rovi ded.

dequate barrier physical protection shall be provided at all renotely
| ocated excavations. Al wells, Plts, shafts, etc., shall be
barricaded or covered. Upon conpletion of exploration and ot her
sinmilar operations, tenporary wells, pits, shafts, etc., shall be
backfill ed.

1541.1 Requirenents For Protective Systens.

(a) Protection of enployees in excavations.

(1)

Each enployee in an excavation shall be protected from cave-ins by an
ade%uate protective system designed in accordance with Section
1541.1(b) or (c) except when:
A) Excavations are made entire”y in rock; or . .
B) Excavations are less than 5 feet in depth and exanmination of the
ground by a conpetent person provides no indication-of potentia

cave-in.
protective systems shall have the capacity to resist without failure
all loads that are intended or could reasonably be expected to be

applied or transnmitted to the system

(b) Design of sloping and benching systens.

The slopes and configurations of sloping and benching systems shall be
sel ected sand constructed by the enployer or his designee, and shall be in
accordance with the requirements of Section 1541.1(b) (1); or, in the
alternative, Section 1541.1(b) (2); or, in the alternative 1541.1(b) (3)

or,
(1)

in the alternative, Section 1541.1(b) (4), as follows:
Option (1) Alowable configurations and sl opes,
(A) Excavations shall be sloped at an an%le not steeper than one and
one-hal f horizontal to one vertical (34 degrees neasured fromthe
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Bolri zontal), unless the enployer uses one of the options listed

el ow.

(B) Slopesspecified in Section 1541.1(b) (1) (A(? shal | be excavated
to formconfigurations that are in accordance with the sl opes
shown for Type C soil in Appendix Bto this article.

(2) Option (2) - Deternination of slopes and configurations usjng
Appendi ce§ A and B. Maxi num al | owabl e sl opes, “and al | owabl e .
configurations for sloping and benching systems, shall be determ ned
in accordance with the conditions and requirements set forth in
Appendices A and B to this article.

(3) option (3) - Designs using other tabul ated data.

A) Designs of sloping or” benching systens shall be selected from and
be in accordance with tabul ated data, such as tables and charts.

(B) The tabulated data shall be in witten formand shall include all
of the follow ng:

1. ldentification of the paranmeters that affect the selection of
a sloping or benching systemdrawn from such data;

2. ldentification of the Iimts of use of the data, to include
thfe magni tude and configuration of slopes determned to be
saf e;

3. Explanatory information as may be necessary to aid the user
:jn making a correct selection of a protective system fromthe
ata;

4. At least one copy of the tabulated data which identifies the
regi stered professional engineer who approved the data, shall
be maintained at the jobsite during construction of the
protective system After that time the data may be stored off
the jobsite, but a copy of the data shall be made available
to the Division upon request.

(4) Option (4) - Desi %n bx_ a registered Prof essi onal engi neer, ,

(A) Sloping and benching systems not utilizing oFtlon (1) or option
(2) or Option t(3) under Section 1541.1(b) shall be approved by a

reg

i stered professional engineer. _
(B) Designs shall be in witten formand shall include at |east the
fol | owi ng:

1. The magnitude of the slopes that were deternmined to be safe
for the particular project; _

2. The configuration's that were determined to be safe for the
particul ar project; . . _ .

3. TPP]e |dder]t|ty of the registered professional engineer approving
t he desi gn.

(O At |east one copy of the design shall be maintained at the
jobsite while the slope is being constructed. After that time the
design need not be at the jobsite, but a copy shall be made
available to the Division upon request.

(c) Design of support systems, shield systems, and other protective
systens.

Desi gns of support systens, shield systens, and other

protective systems shall be selected and constructedby the enployer or his

desi gnee and shall be in accordance with the requirenents of Section

1541.1(c) (1&; or, in the alternative, Section 1541.1(c) (2); or, in the

alternative Section 1541.1(c) (3); or, in the alternative Section 1541.1(c)

(4) as follows:

1 tion - Desjgns usin ndices A .C, and D. Designs for tinber

(1) s%)ori ng(|1?1 trench%s_ slf‘llal IgbAepp et ern%ned in accordance \%Inth t[1e .
conditions and requirenents set forth in Appendices A and C to this
article. Desi %ns for alumnum hydraulic shoring shall be in accordance
with Section 1541.1(c) (2?, but 'if manufacturer’s tabulated data cannot
be utilized, designs shall be in accordance with Appendix D.
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(2) tion (2) - Designs using manufacturers Tabul ated Data _

A) Design of support systens, shield systens, or other protective

systens that are drawn from manufacturer's tabul ated data shall
e in accordance with all recommendations, and limtations issued
or made by the manufacturer. . o

(8) Deviation from the specifications, recommendations, and limtations
i ssued or made by the manufacturer shall only be allowed after the
manuf acturer issues specific witten approval. o .

(O Manufacturer's specifications, recomrendations, and |imtations,
and manufacturer's approval to deviate fromthe specifications,
recommendations, and linmitations shall be in witten form at the
jobsite during construction of the protective system After that
tine this data may be stored off the jobsite, but a copy shall be
made available to the Division upon request

(3) tion (3) - Designs using other tabulated data.

A) Designs of support systens, shield systems, or other protective
systems shall be selected fromand be in accordancewith tabul ated
data, such as tables and charts.

(B) The tabulated data shall be in witten formand include all of the
following: .

1. ldentification of the parameters that affect the selection of
a protective system drawn from such data;

2. ldentification of the limts of use of the data;

3. Explanatory information as may be necessary to aid the user.
antnaklng a correct selection of a protective systemfromthe
ata.

(O At least one copy of the tabulated data, which identifies the
registered professional engineer who approved the data, shall be
maintained at the jobsite during construction of the protective
system After that time the data may be stored off the jobsite
but a copy of the data shall be made available to the Division

~on request. _ _ .
(4) Option (4) - Design by a registered professional engineer.

(A) Support systenms, shield systems, and other protective systens not
utilizing Option 1, Option 2, or Option 3 above, shall be approved
by a registered professional engineer. _

(B) Designs shall be in witten formand shall include the follow n%

plan indicating the sizes, types, and configurations of the
materials to be used in the protective system and .
2. Tﬂe hdentlty of the registered professional engineer approving
the design.

(O At |east onegcopy of the design shall be maintained at the jobsite
during construction of the protective system After that tinme,
the designmay be stored off the jobsite, but a copy of the design
shall be made available to the Division upon request

(d) Materials and equi pnent.

(1) Materials and equi pment used for protective systens shall be free from
damage or defects that might inpair their proper function.

2) Manufactured materials and equi pnent used for protective systens shal
be used and maintained in a manner that is consistent with the
recomendations of the manufacturer, and in a manner that will prevent
enpl oyee exposure to hazards. _ _ .

(3) Wien material or equipment that is used for protective systens is
damaged, a con?etent person shall examine the material or equi prent
and evaluate its suitability for continued use. If the conpetent
person cannot assure the material or equipment is able to support the
Intended |oads or is otherwise suitable for safe use, then such
material or equipment shall be removed from service, and shall be
eval uated and approved by a registered profeSS|ona[ engi neer before
being returned to service.
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(e) Installation and renoval of supports.

I General .
) (A) Menbers of support systens shall be securely connected together
%owprevent sliding, falling, kickouts, or other predictable
ailure
(B) Support systenms shall be installed and removed in a manner that
rotects enEonees from cave-ins, structural collapses, or from
eing struck be nenbers of the support system

(O Individual menbers of su&ﬁort systens shall not be subjected to
| oads exceeding those ich those nmenbers were designed to
wi t hst and.

(D) Before tenporary reroval of individual nenbers begins, additiona
precautions shall be taken to ensure the safety of enpl oyees, such
as installing other structural menbers to carry the | oad inposed
on the support system

(E) Renoval shall begin at, and progress from the bottom of the
excavation. Menbers shall be released slowly so as to note any
i ndi cation of possible failure of the renalnln% menbers of the
structure or possible cave-in of the sides of the excavation

(F) Backfilling shall progress together with the remval of support
systens from excavations.

(2) Additional requirements for support systens for trench excavations.

(A) Excavations of material to a level no greater than 2 feet bel ow
the bottom of the menbers of a support system shall be permitted,
but only if the systemis designed to resist the forces calcul ated
for the full depth of the trench, and there are no indications
while the trench is OPen of a possible loss of soil from behind
or below the bottom of the support system

(B) Installation of a suPport system shall be cl osely coordi nated
with the excavation of trenches

(f) Sloping and benching systens.

Empl oyees shall not be pernmitted to work on the faces of sloped or benched
excavations at |evels above other enployees except when enpl oyees at the
| oner levels are adequately protected fromthe hazards of falling, rolling
or sliding material or equipnent.

(g) Shield systens.

(1) General

(A) Shield systens shall not be subjected to |oads exceeding those
whi ch thé system was designed to wthstand

(B) Shields shal] be installed in a manner to restrict lateral or
ot her hazardous novenent of the shield in the event of the
application of sudden l|ateral |oads. _

(O Enpl oyees shall be protected fromthe hazard of cave-ins when
entering of exiting the areas protected by the shields.

(D) Enployees shall not be allowed in shields when shields are being

~ installed, or noved vertically. . .

2) Additional requirement fort shield systenms used in trench excavations
Excavations of earth material to a level not greater than 2 feet bel ow
the bottom of a shield shall be permtted, but only if the shield is
designed to resist the forces calculated for the full depth of the
trench, and there are no indications while the trench is open of a
possible | oss of soil from behind or below the bottom of the shield
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Appendix A to Section 1541.1

SA L CLASSI FI CATI ON

(a) Scope and application.

(1) Scope | This appendix describes a method of classifying soil and
deposits based on site and environmental condjtions, and on the
structure and conposition of the earth deposits. The appendi x
contains definitions, sets forth requirenments, and describes
acceptabl e visual and manual tests for use in classifying soils.

(2) Application. This appendix applies when a sloping or benching
systemis designed in accordance with the requirements set forth in
Section 1541..1?b)(2) as a method of protection for enployees from
cave-ins. This appendix also applies when tinmber shoring for
excavations is designed as a nethod of protection from cave-ins in
accordance with Appendix C of this article, and when al um num
hydraulic shoring Is designed in accordance with Appendix D. This
apPendlx also applies if other protective systems are designed and
selected for use fromdata prepared in accordance with the
requirements set forth in Section 1541. .lfc), and the use of the
data is predicated on the use of the soil classification system set
forth in this appendix.

(b) Definitions.

Cenented soil. A soil in which the particles are held together by a
chem cal agent, such as cal cium carbonate, such that a hand-size sanple
cannot be crushed into powder or individual soil particles by finger
pressure.

Cohesive soil. day (fine grained soil), or soil with a high clay

content, which has cohesive strength. Cohesive soil does not crunble,
can be excavated with vertical side slopes, and is plastic when nist.
Cohesive soil is hard to break up when dry, and exhibits significant
cohesion when submerged. Cohesive soils include clayey silt, sandy

clay, silty clay, clay and organic clay.

Dry soil. Soil that does not exhibit visible signs of noisture
content.

Fissured. A soil material that has a tendency to break along
definite planes of fracture with little resistance, or a material that
exhibits open cracks, such as tension cracks, in an exposed surface.

Ganular Soil. Gavel, sand, or silt (coarse grained soil) wth
little or no clay content. Ganular soil has no cohesive strength.
Some nmoist granular soils exhibit apparent cohesion. Ganular soil
cannot be nol ded when moist and crunbles easily when dry.
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Layered system Two or nore distinctly different soil or rock types
arranged in layers. Mcaceous seams or weakened planes in rock or shale
are considered |ayered.

Moi st soil. A condition in which a soil |ooks and feels danp. Mi st
cohesive soil can easily be shaped into a ball and rolled into small
dianeter threads before crunbling. Mist granular soil that contains
sone cohesive material will exhibit sone signs of cohesion between
particles.

Plastic. A property of a soil which allows the soil to be deformed or
mol ded without cracking, or appreciable volume change.

Saturated soil. A soil in which the voids are filled with water.
Saturation does not require flow Saturation, or near saturation, is
necessary for the proper use of instruments such as a pocket
penetroneter or shear vane.

Soil classification system A method of categorizing soil and
rock deposits in a hi erarchg_ of Stable Rock, Type A, Type B, and Type C,
in decreasing order of stability. The categories are deterni ned based
on an analysis of the properties and performance characteristics of the
deposits and the characteristics of the deposits and the-environnental
conditions of exposure.

Stabl e rock. Natural solid mineral matter that can be excavated with
vertical sides and remain intact while exposed.

Subnerged soil. Soil which is underwater or is free seeping.

Type A soil.

Cohesive soils with an unconfined conpressive strength of 1.5 tons per
square foot (tsf) or greater. Exanples of cohesive-soils are: clay,
silty clay, sandy clay, clay |oam and, in some cases, silty clay [oam
and sandy clay loam 'Cenented soils such as caliche and hardpan are

al so conSidered Type A However, no soil is type Aif
1) The soil is fissured; or _ . .
2) The soil is subject to vibration from heavy traffic, pile

driving, or simlar effects; or

The soil has been tpreV| ously disturbed; or .
4) The soil is part of a sloped, |ayered s?;stem where the layers di

into the excavation on a slope of four horizontal to one vertica
§r4H:IV) or greater; or

(5) The material is subject to other factors that would require it to
be classified as a less stable material.
Type B soil.

(3) Cohesive soil with an unconfined conpressive strength greater
than 0.5 tsf but less than 1.5 tsf; or o

(2) Ganular cohesionless soils including: angular gravel (sinilar
to crushed rock), silt, silt loam sandy |oam and, in some cases,
silty clay |oam and sand?/ clay | oam . _

(3) Previously disturbed soils except those which would otherw se be
classified as Type C soil. .

(4) Soil that neets the unconfined con/:{)resswe strength or .
cementation requirements for Type A but is fissured or subject
to vibration; or

(5) Dry rock that is not stable; or
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(6) Material that is part of a sloped, |ayered system where the
layers dip into the excavation on a slope | ess steep than four

hori zontal to one verticall(4H:1V%, but only if the material
woul d otherwise be classified as Type B.

Type C soil.

(1) Cbh?sive soil with an unconfined conpressive strength of 0.5 tsf
or less; or

Ganul ar soils includin? gravel, sand, and |oany sand; or

Submerged soil or soil from which water is freely seeping; or

Subnerged rock that is not stable, or o

Material in a sloped, layered system where the layers dip into

the excavation or a slope of four horizontal to onhe vertica
(4H 1V) or steeper

U1 W

Unconfined conpressive strength. The load per unit area at which
a soil will tail in conmpression. It can be determned by |aboratory
testing, or estimated in the field using a pocket penetroneter, by thunmb
penetration tests, and other nethods

Wet soil. Soil that contains significantly nore noisture than noist
soil, but in such a range of values that cohesive material wll slump or
begin to flow when vibrated. Ganular material that would exhibit

cohesive properties when noist will |ose those cohesive properties when
wet .

(c) Requirenents.

(1) Cassification of soil and rock deposits. Each soil and rock
deposit shall be classified by a conpetent person as Stable Rock,
Type A, Type B, TyPe C in accordance with the definitions set forth
in paragraph (b) of this appendix.

(2) Basis of classification. The classification of the deposits shal
be made based on the results of at |east one visual and at |east
one manual analysis. Such analysis shall be conducted b% a
conpet ent person u5|n% tests described in paragraph (d) below or
in other approved nethods of soil classification and testing such
as those adopted by the Anmerican Society for Testing Materials, or
the U S. Departnent of Agriculture textural classification system

(3) Visual and manual analysis. The visual and manual analysis, such
as those noted as being acceptable in paragraph (d) of this
appendi x, shall be designed and conducted to provide sufficient
quantitative and qualitative information as may be necessary to

identify properly the properties, factors, and conditions affecting
the classification of the deposits.

(4) Layered systems. In a |ayered system the systemshall be
classified in accordance with its weakest |ayer. However, each

| ayer nay be classified individually where a nore stable layer lies
under a less stable |ayer.

(5) Reclassification. If, after c]assifyin? a deposit, the properties
factors, or conditions affecting its classification change In any
way, the changes shall be evaluated by a conpetent person. The

deposit shall be reclassified as necessary to reflect the changed
ci rcunst ances
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(d) Acceptable visual and manual tests.

(1) Visua

tests. Visual analysis is conducted to deternine

qualitative infornmation regarding the excavation site in genera

the soil adjacent to the excavation, the soil formng the sides of
t he open excavation, and the soil taken as sanples from excavated
mat er | al

(A) Cbserve sanples of soil that are excavated and soil in the

(B)

(O

(D)

(E)

(F)

(G

(2) Manua

sides of the excavation. Estimate the range of particle
sizes and the relative anounts of the particle sizes. Soi
that is primarily conposed of fine-grained material is
cohesive material. Soil conposed prlnariIY of coarse-
grained sand or gravel is granular material.

(oserve soil as it is excavated. Soil that remains in
clunps when excavated is cohesive. Soil that breaks up
easily and does not stay in clunps is granular.

nserve the side of the opened excavation and the surface
area adjacent to the excavation. Crack-like openings such
as tension cracks could indicate fissured naterial. If
chunks of soil spall off a vertical side, the soil could be
fissured. Small spalls are evidence of noving ground and
are indications of potentially hazardous situations

(hserve the area adjacent to the excavation and the
excavation itself for evidence of existing utility and other
undFrground structures, and to identify previously disturbed
soil .

(bserve the opened side of the excavation to identify

| ayered systens. Exanine |ayered systens to identify if the
| ayers slope toward the excavation. Estimate the degree of
sl ope of the |ayers.

(oserve the area adjacent to the excavation and the sides of
t he opened excavation for evidence of surface water, water
seeping fromthe sides of the excavation, or the |ocation of
the level of the water table.

(hserve the area adjacent to the excavation and the area
within the excavation for sources of vibration that may
affect the stability of the excavation face

tests. Manual analysis of soil sanples is conducted to

deternmine quantitative as well as qualitative properties of soi
and to provide nore information in-order to classify soil properly.

(A)

(8)

Plasticity. Mld a moist or wet sanmple of soil into a bal
and attenpt to roll it into threads as thin as |/8-inch in
di anet er. Cohesive material can be successfuIIY rolled into
threads w thout crumbling. For exanple, if at lTeast a two
inch length of 1/8-inch thread can be held on one end
wi thout tearing, the soil is cohesive

Dry strength. If the soil is dry and crumbles on its own or
wi'th noderate pressure into individual grains or fine
powder, it is granular (any conbination of gravel, sand, or
silt). If the soil is dry and falls into clunps which br eak
up into smaller clunps, but the smaller clumps can only be
broken up with difficulty, it may be clay in any conbination
with gravel, sand or silt. If the dry soil breaks into
clumps which do not break up into small clunps and which can

A- 14 Revi sed 4/92



APPENDI X A

only be broken with difficulty, and there is no visua

indication the soil is fissured, the soil nay be considered
unfissured.

(¢) Thunb penetration. The thumb penetration test can be used
to estimate the unconfined conpressive strength of cohesive
soils. TyPe A soils with an unconfined conpressive strength
of 1.5 tsf can be readily indented by the thunb; however
they can be penetrated by the thumb only with very great
effort. TyPe C soils with an unconfined conpressive
strength of 0.5 tsf can be easilg penetrated several inches
by the thunmb, and can be nolded by light finger pressure.

is test should be conducted on an undisturbed soil sample
such as a large clunp of soil, as soon as practicable after
excavation to keep to a minimumthe effects of exposure to
drying influences. If the excavation is later exposed to
wetting influences (rain, roodlnq), the classification of
the soll nust be changed accordingly.

(D) Oher strength tests. Estimates of unconfined conpressive
strength of soils can also be obtained by use of a pocket
penetrometer or by using a hand-operated shear vane.

(E) Drying test. The basic purpose of the drying test is to
differentiate between cohesive material wth fissures
unfissured cohesive mterial, and Pranular material. The
procedure for the drying test involves drying a sanple of
soil that is approximtely one inch thick and six inches in
diameter until it is thoroughly dry:

1. If the sanple develops cracks as it dries, significant
fissures are indicated.

2. Sanples that diy without cracking are to be broken by
hand. If considerable force is necessary to break a
sanple, the soil has significant cohesive materia
content. The soil can be classified as an unfissured
cohesive material and the unconfined conpressive
strength shoul d be determ ned.

3. If a sanple breaks easily by hand, it is either a
fissured cohesive material or a granular material. To
di stingui sh between the two, pulverize the dried
clunps of the sanple by hand or by stepping on them
If the clumps do not pulverize easily, the material is
cohesive with fissures. If they pulverize easily into
very small fragments, the material is granular.
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Appendix B to Section 1541.1

SLOPI NG AND BENCH NG

(a) Scope and application.

(c)

This aﬁpendix contai ns specifications for sloping and benching when used
as methods of protecting enpl oyees morklag in excavations from cave-ins.
The requirements of this appendi x apply when the design of sloping and
benching protective SKSFGWB is to be performed in accordance wth the
requirenents set forth in Section 1541.1 (b)

Definitions.

Actual slope means the slope to which an excavation face is excavated

Distress means that the soil is in a condition where a cave-in is
Immnent or is Ilkel¥ to occur. Distress is evidenced by such phenomena
as the development of fissures in the face of or adjacent to an open
excavation; the subsidence of the edge of an excavation; the slunping of
material fromthe face or the bulging or heaving of material fromthe
bottom of an excavation; the spalling of material fromthe face of an
excavation; and ravelling, i.e., small anounts of material such as

pebbles or little clunps of material suddenly separating fromthe face
of an excavation and trickl ing or rol ling down into the excavation

Maxinum al | owable sl ope means the steepest incline of an excavation face
that is acceptable for the nost favorable site conditions as protection

agai nst cave-ins, and is expressed as the ratio of horizontal distance
to vertical rise (HV)

Short term exposure means a period of time less than or equal to 24
ours that an excavation is open
Requi rement s.

(1) Soil classification. Soil and rock deposits shall be classified
in accordance with Appendix A to Section 1541.1

(2) Maxinum al | owabl e sl ope. The naxi mum allowable slope for a soil or
rock deposit shall be determined from Table B-1 of this appendix.

(3) Actual slope

(A) The actual slope shall not be steeper than the maxinmum
al | owabl e sl ope.

(B) The actual slope shall be |ess steep then the maxi mum al | owabl e
sl ope when there are signs of distress. If that situation
occurs, the slope shall be cut back to an actual slope which is
at least /2 horizontal to one vertical (1/2H 1V) less steep
than the maxi mum al | owabl e sl ope

(00 Wien surcharge loads fromstored material or equipnent
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operating equipnent, or traffic are present, a conpetent person
"shal | determine the degree to which the actual slope nust be
reduced bel ow the maximum al |l owabl e slope, and shall assure
that such reduction is achieved. Surcharge |oads from adjacent
structures shall be evaluated in accordance with Section

84333y 1541(10)

(4) Configurations. Configurations of sloping and benching systems
shal | be in accordance with Figure B-1.

TABLE B-1
MAXIMUM ALLOWABLE SLOPES

SO L OR ROCK TYPE MAXI MUM ALLOWABLE SLOPES (H V)*
FOR EXCAVATI ONS LESS THAN 20

FEET DEEP *

STABLE ROCK VERTI CAL. (90°)

TYPE A? 3/4: 1 (53°)

TYPE B 1:1 45°

TYPE C 11/2: 1234"3

NOTES:

L. Nunbers shown in parentheses next to maxi mum all owabl e slopes are angles
expressed in degrees from the horizontal. Angil es have been rounded off.

2. A short-term maxi num al | owabl e slope of 1/2H 1V (63 degrees) is allowed
in excavations in Type A soil that are 12 feet or less in depth. Short-
term maxi mum al | owabl e sl opes for excavations greater than 12 feet in
depth shall be 3/4H. 1V (53 degrees).

3. Sl oping or benching for excavationsgreater than 20 feet deep shall be
designed by a registered professional engineer.

FIGQURE B-1
SLOPE CONFI GURATI ONS
(AI'l slopes stated below are in the horizontal to vertical ratio).
B-1.1 Excavations Made in Type A soil.

1. Al sinple slope excavations 20 feet or less in depth shall have a
maxi mum al | owabl e sl ope of 3/4:1.

374

Sinmple Slope - GCeneral
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Exception

Al l benched excavations 20 feet or less in depth shal

Sinple slope excavations which are open 24 hours or |ess
(short term and which are 12 feet or less in depth shall have a
maxi num al | owabl e slope of 1/2:1.

I
!
i
12° Max

l
|
iy

Sinple Slope - Short Term

have a naxi mum

al l owabl e slope of 3/4:1 and maxi mum bench dinensions as follows:

20’

Max.

20°

Si npl e Bench

Max : /
. A4

‘ /4
5° Max. / 3

4’ Max. I:

Mul tiple Bench
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3. Al excavations 8 feet or less in depth which have unsupported .
vertically sided lower portions shall have a maximum vertical side of
31/2 feet.

8’ Max
Unsupported Vertically Sided Lower Portion
Maxi num 8 Feet in Depth
Al excavations nore than 8 feet but not nore than 12 feet in depth
with &unsuPported vertically sided lower portions shall have a
?HXIﬁUﬁ1a| owabl e slope of 1:1 and a maxinum vertical side of 3 1/2
eet.
—
12° Max.
A
X
Unsupport ed VérticaJIg Sided Lower Portion
Maxi num 12 Feet in Depth
Al

excavations 20 feet or less in depth which have vertically sided
| ower B

ortions that are supported or shielded shall have a maxi mum
al l owabl e slope of 3/4:1.

he support or shield system nust extend
at least 18 inches above the top of the vertical side.

Support or shield systea )

/i

374

Total hetght of vertical stide.

<

Supported or Shielded Vertically Sided Lower Porti on
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4. Al other sinple slope, conpound slope, and vertically sided | ower
portion excavations shall be in accordance with the other options
pernmitted under 1541.1(b)

B- 1.2 Excavations Made in Type B Soil

1. Al sinmple sIoBe excavations 20 feet or less in depth shall have a
le slope of 1:1.

maxi mum al | owa

/i

Sinple Slope

2. Al benched excavations 20 feet or less in depth shall have a maximum
all owabl e slope of 1.1 and maxi mum bench dinmensions os foll ows:

This bench allowed in cohesive soil only

20° Max.

4’ Max.l N
\‘

Singl e Bench

.IN\¥] Thtis bench allowed in cohesive sotl only T v

/

20’ Max.
d L ‘
NN
4’ Max—I- 1
NNV
4’ Max. I /
NN\

Mil tiple Bench
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3. Al excavations 20 feet or less in depth which have vertically sided
| oner portions shall be shielded or suplported to a height at l[east 18
i nches above the top of the vertical side. Al such excavations
shall have a maxi mum al | owabl e slope of I:1.

Support or shield system

)

1

20° Max.

18" Min.

Total height of verttioal stde.

—<%

Vertically Sided Lower Portion

4. Al other sloped excavations shall be in accordance with the other
options permtted in 1541.1(b).

B - 1.3 Excavations Made in Type C Soil

1. All sinple sIoBe excavations 20 feet or less in depth shall have a
mexi num al | owabl e slope of 1 1/2:1.

Sinple Slope
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2. Al'l excavations 20 feet or less in depth which have vertically sided
| ower portions shall be shielded or supported to a height at least 18
inches above the top of the vertical side. Al such excavations
shal | have a maxi num al l owabl e slope of 1 1/2:1.

gl

1Y

Support or shield system

|

18" MinX

Max . T

20’

Total height of vertical side.

Vertical Sided Lower Portion

3. Al other sloped excavations shall be in accordance with the other
options permtted in 1541.1(b).

B - 1.4 Excavations Made in Layered Soils

1. Al excavations 20 feet or less in depth made in |ayered soils shall
have a maxi mum al | owabl e slope for each |ayer as set forth bel ow

B OVER A

C OVER A
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C OVER B

A OVER B

A OVER C
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B OVER C

2. Al other sloped excavations shall be in accordance with the other
options permtted in 1541.1(b).
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Appendix C to Section 1541.1

TI MBER SHORI NG FOR TRENCHES

(a) Scope

This appendi x contains information that can be used when tinber shoring is

provided as a nethod of protection from cave-ins in trenches that do not

exceed 20 feet in depth. This appendix nust be used when design of tinber

shorln(g )protectlve systems is to be performed in accordance with Section
c

1541.1

(). Gher tinber shoring configurations; other systems of support

such as hydraulic and pneumatic systens; and other protective systens such
as sloping, benching, shielding, and freezing systems nust be designed in
accordance with the requirenents set forth in Section 1541.1(c).

(b) Soil dassification.

In order to use the data presented in this appendix, the soil type or types
|{1 whi ch the excavation Is made nust first be deternined using the Soil

classification nethod set forth in Article 6

(c) Presentation of |Information.

Information is presented in several forns as follows:

(1)

(2)

Information is presented in tabular formin Tables C1.1, C1.2, and
C 1.3 and Tables C-2.1, C2.2 and C-2.3 following Section (g) of
Appendi x C. Each table presents the mninum sizes of tinber menbers
to use in a shoring system and each table contains data only for the
particular soil type in which the excavation or portionh of the
excavation is made. The data are arranged to allow the user the
flexibility to select from anmong several acceptable configurations of
menbers baked on varying the horizontal spacing of the crosshraces.
Stable rock is exenpt” from shoring requirements and therefore, no data
are presented for this condition.

I nformation concerning the basis of the tabular data and the
limtations of tme data% presenteg in Section ?H) of tﬁls appendi x,
and on the tables themselves.

i

(3) Informat (()n) exPI aining the use of the tabular data is presented in
e) o

Section this appendi x.

(4) Igégtringrt]igp) i(l)g ustrati nger’%élle)(.use of the tabular data is presented in

(5)

this ap
M scel I aneous notations regarding Tables C1I.1 through G 1.3 and

Tables G 2.1 through C-2.3 are presented in Section (g) of this
appendi x,

A- 25 Revi sed 4/ 92



CALI FORNI A TRENCHI NG AND SHORI NG MANUAL

(d) Basis and limtations of the data.
(1) Dinmensions of tinber nenbers.

(A) The sizes of the tinber menbers listed in Tables C-1.1 through C 1.3
are taken from the National Bureau of Standards (NBS?_repQrt,
"Recomended Technical Provisions for Construction Practice in
Shoring and Sloping of Trenches and Excavations."™ In addition,
where NBS did not recommend specific sizes of nenbers, nmenber sizes
are based on an analysis of the sizes required for use by existing
codes and on enpirical practice.

(B) The required dinensions of the nenbers listed in Tables G 1.1
through G 1.3 refer to actual dinensions and not noninal dimensions
of the timber. Enployers wanting to use noninal size shoring are
directed to Tables G 2.1 through G 2.3, or have this choice under
Section 1541.1(c)(3).

(2) Limtations of application.

(A) It is not intended that the tinber shoring specification apply to
every situation that may be experienced in the field. These data
were devel oped to apply to the situations that are most conmonly
experienced in current trenching practice. Shoring systens for use
in situations that are not covered by the data in this appendix nust
be designed as specified in Section |541.1(c)

(B) Wen any of the following conditions are present, the menbers
specified in the tables are not considered adequate. Either an
alternate tinber shoring system nust be deslq?ed or another type of
protective system designed in accordance with Section 1541.1.

1. When | oads inposed by structures or by stored materi al
adj acent to the trench weigh in excess of the |load inposed by
a two-foot soil surcharge. The term "adjacent" as used here
means the area within a horizontal distance from the edge of
the trench equal to the depth of the trench.

2. When vertical |oads inposed on crosshraces exceed a 240-pound
gravity load distributed on a one-foot section of the center
of the crossbrace.

3. When surcharge |oads are present from equi prent weighing in
excess of 20,000 pounds.

4. When only the lower portion of the trench is shored and the
remaining portion of the trench is sloped or benched unless:
The sloped portion is sloped at an angle |ess steep than three
hori zontal to one vertical; or the nenbers are selected from
the tables for use at a depth which is deternmined fromthe top
of the overall trench, and not fromthe top of the sloped
portion.

(e) Use of Tables.

The nenmbers of the shoring systemthat are to be selected using this
information are the crossbraces, the uprights, and the wales, where wales
are required. Mnimum sizes of nenbers are specified for use in different
types of soil. There are six tables of information, two for each soil type.
e soil type must first be determined in accordance with the soi
classification systen1descr|bed in Appendix A Using the appropriate table
the selection of the size and spacing of the members is then made. The
selection is based on the depth and width of the trench where the nenbers
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are to be installed and, in nost instances, the selection is also based on

the horizontal spacing of the crossbraces. Instances where a choice of.
hori zontal spacing of crossbraces is available, the horizontal spacing of
the crossbhraces nmust be chosen by the user before the size of any nenber can

be deternined. Wen the soil type, the width and depth of the trench, and

the horizontal spacing of the crosshzaces are known, the size and vertica
SEacing of the crosshracing, the size and vertical spacing of the wales, and

t

e size and horizontal spacing of the uprights can be read fromthe
appropriate table.

Exanples to Illustrate the Use of Tables G 1.1 through G 1.3
(1) Exanple 1.

A trench dug in Type A soil is 13 feet deep and five feet wide.
From Table C-1.1 four acceptable arrangenents of tinber can be used.

Arrangement  #l

Space 4X4 crossbraces at six feet horizontally and four feet
vertically. Wales are not required.

Space 3X8 uprights at six feet horizontally. This arrangement is
commonly called "skip shoring."

Arrangenment #2

Space 4X6 crossbraces at eight feet horizontally and four feet
vertically.

Space 8X8 wales at four feet vertically.
Space 2X6 uprights at four feet horizontally.

Arrangenment #3

Space 6X6 crossbraces at 10 feet horizontally and four feet
vertically.

Space 8X10 wales at four feet vertically.
Space 2X6 uprights at six feet horizontally.

Arrangenment #4

Space 6X6 crossbraces at 12 feet horizontally and 4 feet vertically.
Space 10X10 wal es at four feet verticaIIY.
Space 3X8 uprights at six feet horizontally.

(2) Exanple 2.

A trench dig in Type B soil is 13 feet deep and five feet w de
rrodeabIe C- 1.2 three acceptable arrangenments of nenbers are
i sted.

Arrangement  #l

Space 6X6 crossbraces at six feet horizontally and five feet
vertically.

Space 8X8 wales at five feet vertically.
Space 2X6 uprights at two feet horizontally.

Arrangenment #2

Space 6X8 crossbraces at eight feet horizontally and five feet
vertically.

Space 10X10 wales at five feet verticaIIY.
Space 2X6 uprights at two feet horizontally.

A-27 Revi sed 4/92



CALI FORNI A TRENCHI NG AND SHORI NG MANUAL

Arrangement #3

Space 8X8 crosshraces at 10 feet horizontally and five feet
verti cal |)2/.

Space 10X12 wales at five feet vertically.

Space 2X6 uprights at two feet vertically.

(3) Example 3.

A trench dug in Type C soil is 13 feet deep and five feet wide
From Table G 1.3 two acceptable arrangements of nenber s can be used.

Arrangenment #1

Space 8X8 crossbraces at six feet horizontally and five feet
verti cal |)2/.

Space 10X12 wales at five feet vertically.

Position 2X6 uBrights as closely together as possible.

If water nust be retained use special tongue and groove uprights to
formtight sheeting.

Arrangement #2

Space 2|3?(3O crosshraces at eight feet horizontally and five feet
vertically.

Space 12X12 wales at five feet vertically. _ _

Position 2X6 uprights in a close sheeting configuration unless water
pressure must be resisted. Tight sheeting nmust be used where water
must be retained.

(4) Exanple 4.

A trench dug in Type C soil is 20 feet deep and 11 feet wide. The
size and spacing of members for the section of trench that is over
15 feet in depth is determned using Table C1.3. Only one
arrangenment of nenbers is provided.

Space ?3|X10 crosshraces at six feet horizontally and five feet
vertically.

Space 12X12 wales at five feet vertically.

Use 3X6 tight sheeting.

Use of Tables C-2.1 through C-2.3 would follow the same procedures.
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(g) Notes for all Tables.

1

Menber sizes at spacing other than indicated are to be deternined as
specified in Section 1541.1(c), "Design of Protective Systens."

Wien conditions are saturated or submerged use Tight Sheeting. Tight
Sheeting refers to the use of specially-edged tinber planks (e.g. tongue
and groove) at |east three inches thick, steel sheet piling, or simlar
construction that when driven or placed in position provide a tight wal
to resist the lateral pressure of water and to prevent the Toss of
backfill material. Cose Sheeting refers to the placenent of planks
side-by-side allowing as little space as possible between them

Al spacing indicated is measured center to center

Wl es to be installed with greater dimension horizontal

f the vertical distance fromthe center of the |owest crossbrace to the
bottom of the trench exceeds two and one-half feet, uprights shall be
firmy enbedded or a nudsill shall be used. Wen the uprights are
embedded, the vertical distance from the center of the |owest crosshrace
to the bottom of the trench shall not exceed 36 inches. WWen nudsills
are used, the vertical distance shall not exceed 42 inches. Midsills
are wales that are installed at the toe of the trench side.

Trench jacks may be used in lieu of or in conbination with tinber
crossbraces.

Pl acenent of crossbraces. Wen the vertical spacing of crossbraces is

four feet, place the top crosshrace no more than two feet below the top

of the trench. Wen the vertical spacing of crossbraces is five feet
pl ace ﬁhe top crosshrace no nore than 2.5 feet below the top of the
trench.
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Appendi x D to Section 1541.1

ALUM NUM HYDRAULI C SHORI NG FOR TRENCHES

(8)

Scope.

This appendi x contains information that can be used when al umi num hydraulic
shoring is provided as a nethod of protection against cave-ins in trenches
that do not exceed 20 feet in depth. This appendix nust be used when design
of the alum num hydraulic protective system cannot be perforned in
accordance with Section 1541.1(c)(2).

Soil Cassification.

In order to use data presented in this appendix, the soil type or types in
whi ch the excavation is made must first be determi ned using the soil
classification nethod set forth in Appendix A of this Article.

Presentation of Information.

Information is presented in several forms as follows:

(1) Information is presented in tabular formin Tables D-1.1, D-1.2, D-|.3
and D-1.4. Each table presents the maxi mum vertical and horizontal
spacings that may be used with various al um num nenber sizes and
various hydraulic cylinder sizes. Each table contains data onI%/ for
the particular. soil type in which the excavation or portion of the
excavation is made. Tables D-1.1 and D-1.2 are for_ the vertical
shores in Types A and B soil. Tables D-1.3 and D-1.4 are for
horizontal waler systens in Type B and C soil.

2) information concerning the basis of the tabula ta and the
(2) Iim'tartr?ons of tne data 93 presented in Sect?on (dl§| o{ tciﬁls append%x.

(3) Information explaining the use of the tabular data is presented in
Section (e) of this appendix.

(4) Information illustrating the use of the tabular data is presented in
Section (f) of the appendix.

(5) Mscellaneous notations (footnotes) regarding Table D-1.1 through
D-1.4 are presented in Section (g) of this appendix.

Figures, illustrating typical installations of hydraulic shoring, are

included just prior to the Tables. The illustrations page is entitled
"Alumi num Hydraulic Shoring: Typical Installations."

Basis and Limtations of the data.
(1) Vertical shore rails and horizontal wales are those that meet the

Section Mdulus requirements in the D-1 Tables. Alumnum material is
6061-T6 or material of equivalent strength and properties.
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(2) Hydraulic cylinders specifications.

(A) 2-inch cylinders shall be a mninum 2-inch inside dianeter with a
m ni num safe working capacity of no Iess than 18,000 pounds axia
conpressive | oad at maxi num ext ension. Maxi num extension is to

include full range of cylinder extensions as recomrended by product
manuf act urer.

(B) 3-inch cylinders shall be a mninum 3-inch inside dianeter with a
safe working capacity of not less than 30,000 pounds axi al

conpressive | oad at ‘extensions as recommended by product
manuf act urer.

(3) Limtation of application

(A It is not intended that the al um num hydraulic specification apply
to every situation that may be experienced in the field. These data
were devel oped to apply to the situations that are nmost commonly
experienced in current ‘trenching practice. Shoring systems for use
in situations that are not covered by the data in this appendix nust
be otherw se designed as specified in Section 1541.1(c).

(B) When any of the followi ng conditions are present, the nenbers
specified in the Tables are not considered adequate. In this case
an alternative alum num hydraulic shoring system or other type of

ggiﬁgftlve system nust be designed in accordance with Section

1. Wen vertical |oads inposed in crossbraces exceed a 100 pound

%ravitylload distributed on a one foot section of the center of the
ydraul i c cylinder.

2. \Wen surcharge | oads are present from equi pment weighing in excess
of 20,000 pounds.

3. Wen only the |ower ﬁortion of the trench is shored and the
remai ning portion of the trench is sloped or benched unless: The
sl oped portion is sloped at an angle |ess steep than three
horizontal to one vertical; or the menbers are selected from tables
for use at a depth which is deternmined fromthe top of the overal
trench, and not fromthe toe of the sloped portion.

(e) Use of Tables D-1.1, D1.2, DI1.3 and D 1.4.

The nmenbers of the shorin?_systen1that are to be selected using this
information are the hydraulic cylinders, and either the vertical shores
or the horizontal wales. Wen a waler systemis used the vertical tinber
sheeting to be used is also selected fromthese tables. The Tables D-1.1
and D-1.2 for vertical shores are used in Type A and B soils that do not
require sheeting. Type B soils that may require sheeting, and Type C
soils that always require sheeting, are found in the horizontal wale
Tables D-1.3 and D-1.4. The soil type nust first be determined in
accordance with the soil classification system described in Appendix A to
Section 1541.1. Using the appropriate table, the selection of the size
and spacing of the menbers is nmade. The selection is based on the depth
and wdth of the trench where the menbers are to be installed. In these
tables the vertical spacing is held constant at four feet on center. The
tabl es show the maxi mum horizontal spacing of cylinders allowed for each
size of wale in the waler systemtables, and in the vertical shore
tabl es, the hydraulic cylinder horizontal spacing is the same as the
vertical shore spacing.
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Exanple to Illustrate the Use of the Tables:

(1)

(3)

Exanple 1:

A trench dug in Type A soil is 6 feet deep and 3 feet wide.

From Table D-1.1: Find vertical shores and 2 inch diameter cylinders
spaced 8 feet on center (o0.c.) horizontally and 4 feet on center
(o.c.) vertically. (See Figures 1 & 3 for typical installations.)
Exanpl e 2:

A trench is dug in Type B soil that does not require sheeting, 13

feet deep and 5 feet "wide.

From Table D-1.2: Find vertical shores and 2 inch dianmeter cylinders
spaced 6.5 feet oc horizontally and 4 feet oc vertically. (See
Figures 1 & 3 for typical installations.)
Exanpl e 3:

A trench is dug in Type B soil that does not require sheetingi, but
does experience some nminor raveling of the trench face. The trench
is 16 feet deep and 9 feet wide.

From Table D-1.2: Find vertical shores and 2 inch dianmeter cylinder
wi th special oversleeves as designated by footnote #2) spaced 5.5
eet o.c. horizontally and 4 feet oc vertically. Plywod (per

footnote (g)(7) to the DI Table) should be used behind the shores.

(See Figures 2 & 3 for typical installations.)

Exanpl e 4:

A trench is dug in previously disturbed Type B soil, with
characteristics of a Type C soil, and will requite sheeting.

The trench is 18 feet deep, and 12 feet wide. 8 Foot horizontal
spacing between cylinders is desired for working space.

From Table D-1.3: Find horizontal wale with a section nmodulus of 14.0
spaced at 4 feet o.c. vertically and 3 inch dianmeter cylinder spaced
at 9 feet maximum o.c. horizontally, 3X12 timber sheeting is required
at close spacing vertically. (See Figure 4 for typical installation.)

Exanpl e 5:

Atrench is dug in Type C soil, 9 feet deep and 4 feet wide.
Hori zontal cylinder spacing in excess of 6 Teet is desired for
wor ki ng space.

From Table D-1.4: Find horizontal wale with a section modulus of 7.0
and 2 inch diameter cylinders spaced at 6.5 feet o c horizontally.
O, find horizontal wale with a 14.0 section nodulus and 3 inch
diameter cylinder spaced at 10 feet o cC horizontally. Both wales are
spaced 4 feet oc vertically. 3X12 tinber sheeti n? is required at
close spacing vertically. (See Figure 4 for typical installation.)
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ALUMINUM HYDRAULIC SHORING
' TYPICAL INSTALLATIONS

FIGURE NO.1

VERTICAL ALUMINUM
HYDRAULIC SHORING
(SPOT BRACING) '
HORIZONTAL SPACING
18" MAX.
VERTICAL RAIL
HYDRAULIC CYLINDER
VERTICAL - §
SPACING
4’ MAX
FIGURE NO.2
VERTICAL ALUMINUM
HYDRAULIC SHORING
(WITH PLYWOOD)

HORIZONTAL"

VERTICAL RAIL HYDRAULIC

CYCLINDER

18" MAX,
PLYWOOD

VERTICAL
SPACING
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ALUMINUM HYDRAULIC SHORING
- TYPICAL INSTALLATIONS

FIGURE NO.3
VERTICAL ALUMINUM
HYDRAULIC SHORING
HORIZONTAL
(STACKED) SPACING lp
(TYPICAL) :
)
i DAL
g 3“ ] N
‘A 1
vermicar U W ‘ 2
SPACING ‘.!-1\‘ i~ VERTICAL RAIL
> g HYDRAULIC
“l ! CYLINDER
4 A4S
4' MAX. (: l
2° MAX.
FIGURE NO.4 UPRIGHT

ALUMINUM HYDRAULIC SHORING
WALER SYSTEM
(TYPICAL)

SHEETING
iy

HYDRAULIC
CYLINDER

VERTICAL
SPACING
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Footnotes, and general notes for Tables D 1.1, D 1.2, D13,
and D-1.4.

(1)
(2)

(3)
(A)

(B)

(4)
(5)

(6)

(7)

For applications other than those listed in the tables, refer to
Section 1541.1(c)(2) for use of manufacturer's tabulated data. For
trench depths I n excess of 20 feet, refer to Section 1541.1(c)(2)
and 1541.1(c)(3).

2-inch diameter cylinders, at this width, shall have structural
steel tube (3.5 X 3.5 X 0.1875) oversl eeves, or structural
oversl eeves of manufacturer's specification, extending the full,
col  apsed length..

Hydraulic cylinder capacities.

2-1nch cylinders shall be a mininmm20 inch inside diameter with a
safe working capacity of not |ess than 18,000 pounds axial
conpressive l'oad at maxi num extension. Maxinum extension is to
include full range of cylinde r extension as recomended by product
manuf act urer.

3-Inch cylinders shall be a mninmum 3-inch inside diameter with a
saf e wor Ki n? capacity of not |less than 30,000 pounds axi al
conpressive load at maxi num extension. Maxinum extension is to
include full range of cylinder extensions as recomended by product
manuf act urer.

Al spacing indicated is neasured center to center.

Ver%i cal shoring rails shall have a mininum section nodulus of O0.40
i nch.

Wien vertical shores are used, there nust be a mninmum of three
shores spaced equally, horizontally, in a group.

Pl ywood shal | be 1.125 inches thick of wood or 0.75 inch thick, 14
ply, arctic white birch (Finland form. Please note that plywood is
not intended as a structural nenber, but only for prevention of
| ocal raveling (sloughing of the trench face) between shores.

See Appendix C for tinber specifications.

Wil es are calculated for sinmple span conditions.

See Appendix D, Section (d), for basis and limtations of the data.
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Appendix E to Section 1541.1

ALTERNATI VES TO TI MBER SHORI NG

FIGURE 1
ALUMINUM ~ HYDRAULIC ~ SHORING

VERTICAL RAIL
HYDRAULIC CYLINDER

VERTICAL
SPACING

FI GURE 2
PNEUMATIC/HYDRALIC ~ SHORING
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FIGURE 3
TRENCH JACKS (SCREW JACKS)

FIGURE 4

TRENCH SHIELDS
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Appendix F to Section 1541.1
SELECTION OF PROTECTIVE SYSTEMS

The following figures are a graphic summary of the requirenents contained in
Article 6 for excavations 20 feet or less in depth. Protective systems for use
in excavations nmore than 20 feet in depth nust be demgned by a registered
prof essional engineer in accordance Section 1541.1 (b) and (c).

Is the excavation more
than 5 feet in depth?

Is there potential NO . YES Is the excavation
for cave-in? entirely in stable rock?
Excavation may be
NO made with YES
vertical sides.
YES Excavation must be NO
sloped, shored, or
shielded.
Sloping Shoring or shielding
selected. selected.
Go to Figure 2 Go to Figure 3

FIGRE 1 - PRELIM NARY DEC SI ONS
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YES

APPENDI X A

Sloping selected as the
method of protection

Will soil classification
be made in accordance
with 1541.1(b)?

NO

Excavation must comply
with one of the following
three options:

Option 1:
1541.1 (b)(2) which
requires Appendices A
and B to be followed.

Option 2:
1541.1 (b)(3) which
requires other tabulated
data (see definition) to
be followed.

Option 3:
1541.1 (b)(4) which
requites the excavation
to be designed by a
registeredprofessional
engineer.

Excavations must comply
with 1541.1 (b)(1) which
requires a slope of 1-1/2H:1V
(34°).

FIGURE 2 - SLOPING OPTIONS
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Shoring or shielding selected
as the method of protection.

Soil classification is required
when shoring or shielding is
used. The excavation must
comply with one of the following
four options:

Option 1:
1541.1 (c)(1) which requires
Appendices A and C to be
followed (e.g. timber shoring).

Option 2:
1541.1 (c)(2) which requires
manufacturers data to be
followed (e.g. hydraulic shoring,
trench jacks, air shores, shields).

Option 3:
1541.1 (c)(3) which requites
tabulated data (see definition)
to be followed (e.g. any system
as per the tabulated data).

Option 4:
1541.1 (c)(4) which require
the excavation to be designed by
aregistered professional engineer
(e.g. any designed system).

FIGURE 3 - SHORI NG AND SHIELDI NG OPTI ONS
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Section 1541

SHAFTS

(a) General.

(1) All wells or shafts over S feet in depth into which enpl oyees
are permtted to enter shall be retained with |agging
spiling, or casin?
EXCEPTION: Exploration shafts; see Section 1542(e)

(2) The lagging, spiling or casing shall extend at |east one foot
above ground level and shall be provided the full depth of the
shaft or at least five feet into solid rock if possible

(3) All wells, pits, shafts, caissons, etc., shall be barricaded
or securely covered

(4) Upon conpletion of exploration and simlar operations,
temporary wells, pits, shafts, etc., shall be backfilled

(b) Small Shafts in Hard Conpact Soil.

Two inch (nonminal) cribbing may be used in square shafts not over
4 feet square in hard conpact soil. Each memper shall be cut /2
-way through the width of the menber and dovetailed into gosition
so each nenber will act as a shore as well as Iaggin%. trips
shall be nailed in each corner to prevent the boards fr

om
droppi ng down.

(c) Shafts in OGther Than Hard Conpact Soil.

(3) A system of |agging supported by braces and corner posts shal
be used for square or rectangular shafts. Corner posts of 4-
inch by 4-inch naterial are normally acceptable in shafts 4
feet square, or smaller, if they are braced in each direction
with horizontal 4-inch by 4-inch nenbers at intervals not
exceeding 4 feet. Braces and corner posts in |arger shafts
shal | be correspondingly |arger as determined be a civi
engi neer

(2) Round shafts shall be conpletely lagged with 2-inch materi al
which is supported at intervals not greater than 4 feet by
means of adjustable rings of netal or tinber that are designed
to resist the collapsing force, or cased in a manner that
provi des equival ent protection.

(d) Exploration shafts.

Only a geotechnical specialist shall be pernitted to enter an
exploration shaft wthout [agging, spiling or casing for the
purpose of subsurface investigations under the followng
condi tions.

(1) Initial Inspection. The type of materials and stability
characteristics of the exploration shaft shall be personally
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observed and recorded by the geotechnical specialist during

the drilling operation. Potentially unsafe exploration shafts
shall not be entered

(2) Surface Casing. The upper portion of the exploration shaft
shal |l be equipped with a surface ring-collar to provide casing
support of the material within the upper 4 feet of the
expl oration shaft. The ring-collar shall extend at |east 1-
foot above the ground surface.

(3) Gas Tests. Prior to entry into exploration shafts, tests
and/ or procedureg&hall be instituted to assure that the
at nosphere within the shaft does not contain dangerous air
contam nation or oxygen deficiency. These tests and/or |
procedures shall be maintained while working within the shaft
to assure that dangerous air contamination or oxygen
deficiency will not occur. See Section 5156 of the Genera
I ndustry Safety Orders.)

(4) Unstable Local Conditions. The geotechnical specialist shal
not descend bel ow any portion of any exploration shaft where
cavi ng or groundwater seepage is noted or suspected,

(5) Ladder and Cable Descents. A |adder may be used to inspect
expl oration shafts 20 feet or less in depth. In deeper
expl oration shafts, properly maintained nechani cal hoisting
devices with a safety factor of at |east 6 shall be provided
and used. Such devices shall be under positive control of the
gperftor bei ng positive powered up and down with fail-safe
reaks.

(6) Ener?ency Standby Enpl oyee. An energency standby enpl oyee
shal [ be positioned at the surface near the exploration shaft
whenever a geotechnical specialist is inside the shaft.

(7) Communi cation. A two-way, electronically-ogerated
conmuni cation system shall be in operation between the standby
enpl oyee and the geotechnical specialist whenever boring
i nspections ate being made in exploration shafts over 20 feet
gnfgepnh or when anbient noise |evels make comuni cation
ifficult.

(8) Safety Equipment. The follow ng safety equi pment shall be
used to protect the geotechnical specialist:

(A) An approved safety harness which will suspend a person
upL;ght and that is securely attached to the hoi st
cabl e.

(B) A 12-inch to 18-inch diameter steel cone shaped
headguard/ deflector that is attached to the hoist cable
above the harness

(O A hoist cable having a minimm dianeter of 5/16 inches.

(D) Approved head protection. (See Section 1515.)

(99 Electrical Devices. Al electrical devices used within the
exploration shaft by the geotechnical specialist shall be
approved for hazardous | ocations.

(10) Surface Hazards. The storage and use of flammable or other

dangerous materials shall be controlled at the surface to
prevent them fromentering the exploration shaft.
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Section 1543

COFFERDAMS

(a) I f overtopping of the cofferdamby high waters is possible, neans
shall be provided for controlled flooding of the work area

(b)y Varning signs for evacuation of enployees in case of energency
shal | be devel oped and post ed.

(c)  Cofferdam wal kways, bridges, or ranps with at least two neans of
rapid exit, shall be provided with guardrails as specified in
Section 1620.

(d) Cof ferdans | ocated cl ose to navigabl e shipping channels shall be
protected fromvessels in transit, where possible.
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